Accepted: 10 August 2014 This paper proposes the application of the Analytic Hierarchy Process method to support decision making regarding the selection of an Enterprise Resource Planning system in a manufacturing company. The main assumption of the work is that the management of the selection of an ERP system should consider that the most important selection criteria are concerned with the functionality of the ERP system. Besides this, the aspects of total cost of ownership, technical support and implementation time or vendor experience are taken into consideration to guarantee a successful ERP implementation. The proposed procedure of an ERP system selection is dedicated for small and medium manufacturing enterprises. A structure of attributes for the AHP method is proposed on the basis of an analysis and identification of critical success factors. Different kinds of production (make-to-stock, make-to-order and engineer-to-order are taken into consideration). Illustrative examples are also given.
Introduction
Enterprise Resource Planning (ERP) systems have become a basic tool to support the effective management of manufacturing enterprises. In 1998, Davenport defined an ERP as an integrated software solution, typically offered by a vendor as a package that supports the integration of all the information which flows through a company, such as financial, accounting, human resources, supply chain, and customer information [1] . Heizer and Render [2] define an ERP as an information system that enables the planning and identification of resources needed for acquisition, manufacturing, dispatch and the settlement of orders. Practice shows that ERP systems should not be perceived as a mere tool or software package which performs certain functions. An ERP system should rather be perceived as a component of infrastructure consisting of hardware, software, de-fined business processes and trained personnel. Successful implementation of the system enables the reduction of operational costs, an improvement in productivity in various areas of company business and the enhancement of business processes, whereas failure, depending on the stage of the implementation of the project, may lead to a total paralysis of a company, or in the best case, end with the implementation of a very expensive prosthesis of a system which hardly satisfies anyone [3] .
After 16 years, ERP systems now support processes in almost all functional areas of many manufacturing enterprises, it would be difficult to imagine such companies doing business without them. Most big companies (with more than 250 employees) have already implemented new or updated versions of old ERP systems, but a lot of small and medium manufacturing enterprises (SMEs) are still looking for an effective solution in this area. The selection of an ERP system is crucial for every manufacturing company because it is designed to support business processes for many years. In the last few decades, ERP vendors have acquired experience in key areas of production management and ERP software has become increasingly efficient and reliable. ERP solutions dedicated to SMEs do not differ greatly from each other and generally encompass similar functionality and implementation costs.
To support the decision process of the selection of an ERP system, the Analytic Hierarchy Process (AHP) method may be used, a method which is based on multi-criteria decision making. The AHP, introduced by Thomas Saaty (1980) , is an effective tool for dealing with complex decision making, and may aid the decision maker to set priorities and make the best decision. By reducing complex decisions to a series of pairwise comparisons, and then synthesizing the results, the AHP method helps to capture both subjective and objective aspects of a decision [4] . According to ERP system selection assessment criteria, a method for selecting an ERP system was established based on a nominal group technique and the AHP method [5] . The AHP method for an ERP system selection was proposed by Wei et al. [6] . They elaborated a comprehensive ERP system selection framework in which an objective hierarchy was constructed and appropriate attributes are specified to provide detailed guidance for ERP system evaluation. The procedure for selecting a suitable ERP system is based on choosing the most appropriate ERP system on the one hand, and choosing the best ERP vendor on the other. Karaarslan and Gundogar used the AHP method for ERP system selection [7] . They selected the most appropriate software between two pre-selected candidate systems. The final choice of system was designed to support a factory which was planning to use ERP software that fits its functions and needs. Wei and Wang proposed a hierarchical attribute structure to evaluate ERP projects systematically, and in addition, they used fuzzy set theory to aggregate linguistic evaluation descriptions and weights [8] . At the first stage of the attributes of ERP evaluation, they took into account: ERP implementation project factors, software system factors and vendor factors. Karsak andÖzogul developed a novel decision framework for ERP software selection based on quality function deployment (QFD), fuzzy linear regression and zero-one goal programming [9] .
The method of a comparative analysis of successful and non-successful ERP implementation, based on case studies, was presented in a paper [10] . Based on surveys and analyses of companies implementing ERP systems, the authors [11] [12] [13] defined critical success factors which help to determine the success of ERP implementation. Ahmad and Cuenca also analyzed critical success factors for ERP implementation in SMEs [14] .
Different methods have been proposed for selecting an ERP system. The scoring method is simple and very popular [15] . Lee and Kim [16] combined the analytic network process (ANP) and a 0-1 goalprogramming model to select an information system. The data envelopment analysis (DEA) approach has also been applied to the process of selecting an ERP system. Early adopters of the DEA method for decision making used the methodology to screen, and respectively limit the number of alternatives. Further evaluation by other multiple attribute decision making (MADM) techniques used the DEA method to analyze and compare the performance of ERP packages [17] .
The main problem discussed in this article is formulated as follows: Given a small or medium manufacturing enterprise which plans to implement an ERP system. How is it possible to create an ERP evaluation attribute hierarchy, using the AHP method, for the different kinds of production performed in SMEs and one which is based on critical success factors?
The next chapter includes a description of the AHP method and defines some assumptions for an ERP system selection dedicated to SMEs. Also in the chapter, the selection procedure of an ERP system is proposed. Conclusions and directions for further research are presented in the last chapter.
The Analytic Hierarchy Process
The AHP was elaborated by Thomas Saaty in 1980 [4] . It is an effective method for dealing with complex decision making, and may aid the decision maker to set priorities in order to support the best decision. By reducing complex decisions to a series of pairwise comparisons, and then synthesizing the results, the AHP enables us to capture subjective and objective aspects of a decision. In addition, the AHP encompasses a useful technique for checking the consistency of the decision maker's evaluations, thus reducing any bias in the decision making process [4] . The AHP considers a set of evaluation criteria, and a set of alternative options among which the best decision is to be made. The AHP can be implemented in the three following steps [4]:
1. Computing a vector of criteria weights. 2. Computing a matrix of option scores.
Ranking the options.
In order to compute the weights for the different criteria, in the first step, the AHP starts by creating a pairwise comparison matrix A. The matrix A is a m × m real matrix, where m is the number of evaluation criteria considered. Each entry a jk of the matrix A represents the importance of the j-th criterion relative to the k-th criterion. If a jk > 1, then the j-th criterion is more important than the k-th criterion, while if a jk < 1, then the j-th criterion is less important than the k-th criterion. If two criteria have the same importance, then the entry a jk is equal to 1 [4] . The entries a jk and a kj satisfy the following constraint:
wherein a jj = 1 for all j. The relative importance between two criteria is measured according to a numerical scale from 1 to 9, where [4]: 1j and k are equally important, 3j is slightly more important than k, 5j is more important than k, 7j is strongly more important than k, 9j is absolutely more important than k, 2, 4, 6, 8 -are intermediate values.
On the basis of matrix A, we can be create a normalized pairwise comparison matrix A norm by making the sum of the entries on each column equal to 1, i.e. each entry a jk of the matrix A norm is computed as:
Next, the criteria weight vector w (that is an mdimensional column vector) is built by averaging the entries on each row of A norm , i.e. the elements of the vector are computed as follows [4] :
In the next step, a matrix S of option scores should be created (n × m real matrix). Each entry s ij of S represents the score of the i-th option with respect to the j-th criterion. In order to derive such scores, a pairwise comparison matrix B (j) is first built for each of the m criteria, j = 1, ..., m. The matrix is a n × n real matrix, where n is the number of options evaluated. Matrix B (j) is a n × n real matrix, where n is the number of options evaluated. Each entry of the matrix represents the evaluation of the i-th option compared to the h-th option with respect to the j-th criterion. If b (j) ih > 1 then the i-th option is better than the h-th option, while if b 
wherein b ii = 1 for all i. The AHP applies to each matrix B (j) the same two-step procedure described for A, i.e. it divides each entry by the sum of the entries in the same column, and then it averages the entries on each row, thus obtaining the score vectors s, j = 1, ..., m. The vector contains the scores of the evaluated options with respect to the j-th criterion.
The score matrix S is obtained as S= [s (1) , s (2) , . . . , s (m) ] i.e. the j-th column of S corresponds to s (j) . The weight vector w and the score matrix S have been computed, the AHP method obtains a vector v of global scores by multiplying S and w, i.e. v = S · w.
The i-th entry v i of v represents the global score assigned by the AHP to the i-th option [4] . The AHP includes an effective technique for checking the consistency of the evaluations made by the decision maker when building each of the pairwise comparison matrices involved in the process, namely matrix A and matrices B (j) . The Consistency Index (CI ) is obtained by first computing the scalar x as the average of the elements of the vector whose j-th element is the ratio of the j-th element of vector A · w to the corresponding element of vector w. The CI index is computed as follows:
A perfectly consistent decision maker should always obtain CI = 0 but small values of inconsistency may be tolerated. In particular the inconsistencies are tolerable, if CI RI < 0.1 (7) and a reliable result may be expected from the AHP. In (7) the RI is the random index i.e. the consistency index when the entries of A are completely random. The values of RI for m ≤ 10 (small problems) are shown in Table 1 . 
The hierarchical structure of objectives
On the basis of the analysis of critical success factors of ERP system implementation [10] [11] [12] [13] [14] , direct interviews with project managers and case studies; the following three main attributes are taken into consideration to select the most applicable ERP system:
• processes and functional factors, • business factors.
The most important objectives of ERP implementation are processes and functional fitting because the main role of the software is the improvement of business processes and the support of the decision makers in particular functional areas. The next important objective is to make the ERP fit the business. This part of the structure deals with vendor experience in ERP project management, total cost of ownership, technology fit (for example indoor ERP software installation or software as a service solution), implementation time, etc.
The main goal is to select the most suitable ERP system for small or medium manufacturing enterprises. The AHP hierarchy dedicated to fulfilling the main goal is presented in Fig. 1 .
The attributes associated with process and function factors encompass support by ERP operational areas of manufacturing enterprises. The importance of the attributes will depend on the kind of production or manufacturing branch in question. For example, it would be more important for companies which perform make-to-stock food production to support areas such as sales, logistics or maintenance. On other the hand, it would be more important for companies that carry out engineer-to-order production of CNC machines to support R&D processes. Busi-ness factors should take into account the commercial aspects of ERP system implementation and exploration. For SMEs, a very important factor that can decide the choice of an ERP system is the total cost of ownership (TCO); this includes the price of licenses, costs of consultants, hardware, etc. The vendor's project management competences and branch knowledge are also very important success factors of ERP system implementation. If the consultant's knowledge about the industry branch is extensive, the implementation project of an ERP system needs less time and business support is more efficient. The technology of an ERP system typically consists of an installation platform (for example software as a service or indoor system), mobile solutions, capability of data exchange and scalability, etc. For an SME, it could be more attractive to rent software and perform work based on a Cloud Computing model rather than creating its own IT infrastructure. The factors of customization and system development are often dependent on the flexibility of ERP vendors. A description of the AHP process and its function attributes is presented in the Table 2 .
The attributes concerned with processes and functions supported by an ERP system will be different for different kinds of production. The weight of the attributes should be determined for different production branches on the basis of the opinions of experts from the company that is making the decision about the ERP system selection. For different kinds of production, different sets of questions should be taken into account. The examples of evaluation items presented in Table 1 are defined generally because they should support the choice of an ERP system for different kinds of SME. The attributes weights will depend on the individual requirements of a manufacturing company. For example, consider the case of a company that carries out engineer-to-order production and manufactures CNC machines and technical equipment for industrial engineering branches. Because it is a small engineering company, the most important functions supported by an ERP system should belong to the areas of R&D, technology and logistics. In the following chapters, the procedure of an ERP system selection and an illustrative example of AHP method implementation for a small manufacturing enterprise is presented.
The procedure for selecting an ERP system
To support the decision of the selection of an ERP system for a small engineering company, a systematic selection procedure is elaborated. A stepwise procedure follows.
Step 1. Form a project team and select a project manager.
Step 2. Define the most important function of the ERP system for the company.
Step 3. Prepare the ERP system specifications by taking into account economic and functional factors.
Step 4. On the basis of interviews and discussions; determine the weights of individual attributes.
Step 5. Verify the proposed AHP hierarchy of the ERP system selection.
Step 6. Evaluate the potential ERP systems using the AHP method.
Step 7. Discuss the results and prepare a list of requirements for the best ERP vendor.
Step 8. Make the final decision. Figure 2 shows a flowchart for the ERP selection process. The details of each step are presented below. In the first step of the selection of the ERP system, a project team and project manager should be chosen. In small and medium enterprises the decision making process for an ERP system should be relatively short. Therefore the project manager could be a member of the management board of the company or the main decision maker (technical director, main designer, etc.). In the next step, the most important functions should be selected to support business processes and the activity of the company. To do it, the efficiency of business processes should be evaluated and the most important problems should be specified. For example, a very important problem in small and medium engineering enterprises which carry out prototype production, is that of preparing sales offers (prices, technical specifications of machines, delivery conditions, guarantee conditions, ser-vice conditions, etc.) because the requirements of individual customers may greatly vary from contract to contract. Of course if the contract is not realized, nobody will be payed for the work. If employees spend, for example, 30% of their time preparing sales offers, the following question can be taken into account: How can the ERP system decrease labor intensity in this area? If the process is crucial for the business activity of the enterprise, the functionality of the ERP system should help to solve the problem.
On the basis of a list of the most important functions, the first version of an ERP specification could be prepared. In the next step, the weights for individual attributes should be determined and ordered in relation to the proposed AHP hierarchy of the ERP system selection. The specification of the ERP system could be evaluated in several iterations by different managers in the company and a final specification and the weights of attributes should be accepted by the management board of the company. The final specification of ERP functionality should be sent to different ERP vendors and on the basis of sales offers, an evaluation process using the AHP method should be carried out. The results of the ERP selection and the requirements will provide a basis for a contract with a selected ERP vendor. On the basis of scope, schedule and budget, an ERP implementation project could be prepared. The evaluation of the implementation level of the most important functions is crucial in this process.
An illustrative example
Let us consider Alpha, a small engineering company which performs engineer-to-order production and manufactures CNC machines and manufacturing lines. The most important processes of the enterprise are executed in the areas of product design and final assembly of the ready products. Most of the components and semi-ready products are produced by subcontractors, so logistics and coordination of deliveries is important for timely order completion. Tables 3, 4 and 5 show pairwise comparison matrices relative to an ERP system selection, it includes process and function factors and business factors.
From the results of Table 3 for the Alpha company, it is apparent that the most important are factors related to processes than business factors.
The most important functional areas which should be supported by the ERP system include: R&D and service and technology management. This tends to be typical for small and medium-size innovative, engineering enterprises. For Alpha, branch knowledge and the total cost of ownership are of critical importance in the selection of an ERP vendor. Experience in implementing ERP systems in the area of mechanical engineering prototype production can be verified on the basis of the references of the vendor. From the results of Table 4, it is evident that the financial condition of the vendor company is very important for the decision makers.
On the basis of the presented matrices, the weights for individual factors are put in order. In Table 6 , the vectors of the weights are presented. For the matrices presented in Tables 4 and 5 , the consistency indexes are calculated and presented in Table 7 . In the final stage of the ERP system selection, the three vendors are taken into account (company VX, VY and VZ ). For every attribute of the AHP hierarchy, a pairwise comparison of the ERP vendors is performed. The pairwise comparisons between the vendors in the area of processes and functions of the ERP systems are presented in Table 8 . From the re- Table 7 should be prepared by the project team responsible for the implementation of an ERP system in the Alpha company.
In Table 9 the pairwise comparisons between the vendors in the area of business conditions are presented. From the results of Table 9 , it is clear that the VX vendor has the best knowledge of both the branch and the process of customization and development of the ERP system to suit its needs. The best financial condition and the smallest total cost of ownership is offered the VZ vendor. On the basis of the matrices presented in Tables 8  and 9 , the weights for every ERP vendor related to individual factors can be put in order and then an evaluation can be made.
In Table 10 , the results of the AHP method are presented. The data in the table presents how the ERP systems support the functional areas of the Al-pha company and provides information on the business conditions offered by the vendors VX, VY and VZ. On the basis of the decision analysis performed using the AHP method, the Alpha company should select vendor VY which receives the highest rating. For proper decision making, it is very important to prepare a specification of the requirements for the ERP systems and the inquiry should be the same for each potential ERP vendor. If the evaluation of the vendors is made on the basis of the presentations of ERP system, the same industrial data set, prepared in the Alpha company, should be used during the individual presentations. 
Conclusions
The decision about the selection of an ERP system is crucial for every manufacturing company. However, the selection on an appropriate system may prove difficult, especially for small and medium manufacturing enterprises which may not have sufficient resources (money and personnel) to properly implement the system. Due to the fact that the decision will have profound implications on the development of the company for many years, the use of all appropriate methods and tools by the decision makers is fully justified. In this paper a procedure of ERP system selection dedicated to small and medium enterprises based on the AHP methodology is proposed. In the case of big companies that usually consist of a lot of functional areas, using of the methodology may be more difficult because the structures are bigger, encompass more functional areas and the number of functions or processes is much greater. For small and medium enterprises which consist of fewer crucial areas that need to be supported by an ERP system, the use of the proposed procedure can be simple and effective. In the decision process it is very important to define a list of the critical functions of the ERP and any key business conditions. The illustrative example can be used as a reference, and for different manufacturing companies it can be expanded or reduced depending on requirements. Preparation of pairwise comparison matrices should be made by the project team because the task requires many compromises. The analysis of business conditions should be carried out by the management board. The proposed procedure enables a systematic and effective approach to an ERP system selection. Using the AHP method allows us to analyze ERP vendors in many different ways.
Further research will concentrate on the automation of data acquisition for the proposed procedure. Such data can be acquired from various sources (vendors, rankings, ERP customers, etc.).
